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mitochondrial ATPase was sufficient to abolish activity. This indicates that there is asymmetry of behaviour between otherwise identical polypeptide chains of the enzyme (Ferguson et al., 19756) . Kayalar et al. (1977) have proposed a dual catalytic-site sequence for the ATPases as a result of their studies on substrate-binding patterns and exchangereaction inhibition. Adolfsen & Moudrianakis (1976) also suggested a flip-flop model on the basis of a study of nucleotide binding to the ATPase. The advantage to an enzyme of a half of the sites mechanism is not always clear, but in the case of energy-coupling ATPases the following suggestions may be made. Repke & Schon (1974) have advocated a half of the sites model seemingly on the basis that such a mechanism will tend to minimize the freeenergy changes at each stage of a coupling reaction and thus promote efficient energy coupling. An alternative view (Ferguson et al., 1975c) suggested that a half of the sites mechanism would allow the ATPase to dissipate an energy pressure continuously, in contrast with enzyme with independent catalytic sites which would be unable to operate in this way. Similarly Kayalar et al. (1977) have pointed to the attractive feature of a symmetry of catalytic sites than can be obtained with a half of the sites mechanism. A further important feature of the model of Kayalar ei al. (1977) is that it allows a single step of energy input to accomplish changes in affinities of all substrates.
In conclusion one might speculate that in the energy-coupling ATPases intersubunit interactions play a role in synchronizing energy coupling, whereas in the ion-transport ATPases a phosphoenzyme intermediate is important in this respect. These preparations contain ten to fourteen subunits, including six that are associated with F,-ATPase and the oligomycin-sensitivity-conferring protein. The remaining four to eight components contain the interaction sites of the energy-transfer inhibitors of oxidative phosphorylation, oligomycin, venturicidin, dicyclohexylcarbodi-imide and triethyltin. The best-defined preparation is the yeast oligomycin-sensitive ATPase preparation of Tzagoloff & Meagher (1971) , which contains ten to twelve subunits and the sensitivity sites for oligomycin, venturicidin, dicyclohexylcarbodi-imide and triethyltin (Griffiths & Houghton, 1974 ), but does not catalyse the Pi-ATP-exchange reaction. Other preparations of ATP synthase such as complex V (Hatefi et al., 1975) and proton-translocating ATPase (Serrano et a[., 1976) have the capacity to catalyse Pi-ATP-exchange activity. In none of these preparations was net synthesis of ATP achieved.
BIOCHEMICAL SOCIETY TRANSACTIONS
The major outstanding question and the major source of controtrersy in studies of the mechanism of oxidative phosphorylation is how is the link between the respiratorychain complexes and the ATP synthase complex achieved. The chemiosmotic hypothesis states that the link between the proton-translocating ATPase and the proton-translocating respiratory chain is a transmembrane electrochemical potential of protons (Aj,+) and emphasizes the lack of evidence for chemical intermediates (Mitchell, 1976) . In addition the function of the ATP synthase complex is stated to be a reversible proton pump in which the Fo component of the complex acts as a proton channel or protonophore component. The chemical-intermediate hypothesis (Slater, 1966) , although supported by studies with inhibitors and exchange reactions, suffers from lack of evidence for defined chemical intermediates. However, studies have shown that lipoic acid and cis-A9 unsaturated fatty acids such as oleic acid are specific cofactors of oxidative phosphorylation (Griffiths, 1976) and provide a specific enzymic function for the Fo components.
It is proposed that lipoate residues in the mitochondria1 inner membrane act as a mobile pool of cofactors that provide a link between the respiratory chain and the ATP synthase complex. The demonstration of dihydrolipoate-dependent ATP synthesis, oleoyl lipoate-dependent ATP synthesis and oleoyl phosphate-dependent ATP synthesis catalysed by submitochondrial particles and by ATP synthase preparations from heart mitochondria, yeast mitochondria and Escherichia coli plasma membrane all indicate that a cycle of reactions analogous to those involved in substrate-level phosphorylation are involved (Fig. 1) .
Uncoupler-and energy-transfer-inhibitor-sensitive ATP synthesis driven by dihydrolipoate, oleoyl lipoate and oleoyl phosphate has been shown to be catalysed by ATP synthase preparations. In addition, dihydrolipoate, oleoyl lipoate, oleoyl-CoA and oleoyl phosphate have all been shown to stimulate Pi-ATP-exchange activity, a finding consistent with an intermediate role in the reaction sequence. These findings now make possible an analysis of intermediate steps in the reaction mechanism by fractionation
